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AUTO.HATIC DETECTICN OF ALTEPX’IONS IN PUL?lO!JAP.YVENOUS PWSSURS
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ABSTMCT

Image processing nd ~attcrn recognition
techniques are useful in radiolcgy to ?id in
the decision making process invol-Jingdis-
aase patterns in radiographs. The long range

goal of this study is to develop a completely
automated compucer cantrolied cpclcal system
for early detection and classification of
prepulmona~ edema. This is achieved from
chest x-rays by observing and measuring cer-
tain patterns of lung vascularity which en-
able us to characterize the presence and
severity of the disease. The lung vascular-
ity patterns were extractetiusing the
Fraunhofer diffraction pattern sampling unit
which samples the Fourier transforn and ob-
tain L!e spatial frequency measurements. A
laser is used to illuminate certain zones of
the lung, and by passing the image through a
tnin convex lens the diffraction ?attern is
produced. This patten impinges on a sensor

composed @f 32 annul~= rings and 32 angu:ar
wedges whicn sample the squared notiulusof
the diffraction pattern and ?roduces the an-
nular ring a~d wedge regions of the transform
space. It has been shown that with an in-
crease in p’Jlnonary venous pressure there
is a redistribution of blood flew in the
lungs. This redigtr~tiutl.onwill affect the
number of ves5els in the upper zone as com-
pared to the nunber of vessels in the lower
zones of the lmg and thus change the ring
and wedge signatures. !4easurement9of the
ring and wedge siqr.at.~reshave been made on
a number of chest radiographs “whichhad been
classified by the Turner rethod as to ‘the
presence and extent of pulmona~ edema. The
measurements were used to train a linear clas-
sifier program, i.e. ta cdlculate coefficients
which allow the program to automaticall~yclas-
sify new cases. Prelininaq resuits indicate
a classification accuracy on the training data
of 9ot.
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Pulmonary edema is a pathological state
in which there is abnormal extravascular
storage of fluid in the lung. In tk normal
lung, fluid which enters the extravascular
s:,aceis removed by lymphatic azd capllla~
drainage. Fluid accumulates within the lung
when hydrostatic pressure in the pulmonar{
capillaries becon~esgreater than the plasma
oncotic pres~ure; the capacity for the lym-
phatic clraindg?is exceeded; or the perm-
eabilityof pulmonaq capillaries is inc=eased.

Cardiogenic pulmonary edema is the major
form of pulnonan edema and resuits from an
elevation of the pul.~onarfvenous pressures
in excess Df the plasma oncotic ~ress’uze,
and as a result, fluid leaves the vase’llar
compartment and escapes to the extz.svascalar
lung spaces. Wit!! ●&e methods presently
availabie, pulmona~ edema can oniy be <e-
tected late in its course clinically, maic~ng
prompt therapy of t!!eeevelopirg ccndition
impossible, and contributing to its morbidity
and mortality.

It has been shown experimentally that as
the pulmonary venous pressures rise, there
is :edist:ibuticn cf biood flow within che
lungs due to perlvascular edema/1/. Frieumn
and Braunwald/2,/have shcwn by radioisotope
studies that the magnitutieof the shift o>
flow, from the lower to uFper lung zones, has
a linear relationship to the mean left at:ial
(pulmonary venous) pressure.

Turner et al/3/ classified the magnituda
of shift from the lower to the upper lung
zones utilizing t-heroutine chest radiograph.
It was noted that in the normal upright full-
inspiration chest radiograph, flow is di-
rected to the lcwer lung zones by gravity.
M a result the size and number of vesseis
par unit area in the lower lung zone is “
greater than the size and number of vessels
in the upper zones in the [uprightposition.
NO~al pulmonary vessels show an orderly
tapering and branching tuward the periphew,
where they becor,einvisible in the sub-
pleural regions of the lung. When pulmona~
venous pre9sures rise there is a redistribu-
tion of pulmonaw blood flew. This was
graded from 1+ to 4+ by Turner et al/3/.
1+ redistribution: is present when there is
equal perfusion of the upper ●nd lower lung
zones, and the increase in perfusion of up-
per zcr:es:s due :0 shl.%kg of hlad Frcmzhe iJhP7
zone8,
& rwdlgtrltutfzn:is ?~sent -n t,hsm1S—
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greater perfusion ir. the upper than the lower
lunq zones. This represents an inversion

of the normal ; :lmonary blood flew pattern.
3+ redistribution: is present when 2+ re-
=r~b~tion is accompanied by chanqes ot
interstitial edema. Intsrst~tial edema 19
manifest by one or more of the following:
perihiiar Indistinctness, perivascular in-
distinctness peribronchial indistinctness,
bubpleural edema, septal lines tKeriey B),
over-all haziness of lower lunq zones
(Kerley C) and outward shift of lower lobe
ve99els. 4+ redistribution: is represented
by alve?lar etiema.

Pulmonary venous pressures were assigned
by Turner et al/3/ to five stages of vascu-
lar redistribution and are surunarized in the
following table.

Redistribution Msan Pulmonary
Pattern Venou3 Pressure

Normal 5- 10 mm Hg

1+ 10 - 15 rmnHg

2+ 15 - 25 mm Hg

3+ 25 - 35 mm Hg

4+ greater than
35 mm Hg

Chest radiographs of patients with nor-
mal and elevated pulmonarf venous pressures
have been graded according to the Turner
criteria, and these were cor~elated with car-
diac catheterization data.

If pulmana~ vascular redistribution
can be measured and utilized to grade the
level of pulmonary ver)us pressure, then an
autonated technique could be ~sed to screen
large numbers of films. Early detection of
elevations in puhnonary venous pressure
could allow the institution of early treat-
ment with the prevention of pulmonary edema.
This early trea~ment should reduce both the
morbidity and mort;.lity.

Automated meaeurcrrentswould be consis-
tent in time and as such there would be intra
or inter-reader variation, and patients
could be followed l.mdertreatment to assess
efficienc] of a treatment reqimen.

E%PERI,M.ENTALAPPROACH

Inste&d of trying to diagnose cases on
the baeis of direct measurements of the zhest
radiographs, we have chosen to look at the
Fourier transform of two zones in the right
lung, one in the upper halt of the lung and
one in thu lower half. Here the Fourier
trMSfOZm F is a two-dimensional transforma-
tion on the spatial coordinate

m

7( ax, fly) m
([ f(x’,y’)exp(-2ni J (x’x+y’y))

dx’dy’

where f(x~,y’) is the amplitude transm~t-
tance function of the chest radiogr~ph,
i.=, and 1 1s a COI15tafIt which depc.ldS
upon system parameter. The reason Eo: look-
inq at Fourier transform data 1s th~t the
differences we are trflng co tietect are of a
global rather than a localized nature. Each
point in the Fourie= tzan9Com ~pacc contains
information about the spatial freq~ency con-
tent of the entire image. Thus measurements
made in Fourier space are glcbal T.easurezcnts
which should be related to the global changes
we wish to detect. Cardiogenlc puLnona~
edema manifests itself through the agoearance
of increased vascularly in ?he upper lung
field. This increased vascslarlty should he
reflected in a shift of the energy dlst=ibu-
tion in the Fourier transfcrm plane, e-q. a
relative increase in the hign spatial fre-
quency content.

Since the main characteristic of pulmo-
nary edema that we wish to detect is a re-
distribution of vascula:lty, a shift from the
lower lung to the upper lu.nq,measurements
are made of the Fourier transforms fcr two
zones: one in the upper half of the right
lung and one in the iower half. Figure 1
eh~s the two zones of the l’unqfield which
were used for ?neasczements.
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Figure 1. measurement zones in the chest
radiograph. Circle A - upper lung zone.
Circle B - lower lu.nqzone,
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Figure 2. Optical Fourier cransformatlon
system.

The optical approach to Fourier trsnsfona-
tion is advantageous becat~scof izs :elat:”:c-
ly low cost and :t!+exrzenel-~hlqh speed, ,%1
inexpensive lens zan be ucti :CIper:crn a t.wo-
dimcnslonal ?O:i~~:a~ :ransfc.cn~r a Lar:e array
(e.g. 106 ~lenpr.:s) in a nanosec3r.d. T’hls
speed is totally unapp=oachaaic WLC!Ia dlqi-
tal ccmputer. In :h;s exper:rpnt each ?: the
two zones An the ~u.g cont~lned over if)Jpic-
ture elements. ‘r.h??$.::.40zones were lnc!Lvl2-
uall”yFourier ::ar.;i.sn.~dd~d :.’.@:zansfor~~
were sampled wltn a IJ4e:er.enLietector
umnu<acturcil~y ?.ecoc~a:ionSysccrs, Inc. The
arrangc~ent 3f the ciecectorelements is shown
in Figure 3.

Figure 1. RSI detector configuration.
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This cnr.flqquraticnwas especially deslqned
for sa.?pl:ncjFfjurlcrtransfofis. There are
32 annular seq-ent.? which pravlde info~.at~cn
about the spat:al freq~enrf czntcct of :ze
Lmaqe, ~ndepencent of ~rlentzcacn. These are
cor.plc.mentedoy 32 we~ge-shape~ eier.er.ts
which pr5Vlde lnfC~atlOn on t?e Inqu!ar dis-
tribut~an of energy, anc!ependento: spat:ai
frequency distribut~an. ~?e ‘UtLilt~ Of Z!ILS
detector rests :n part ‘uponthe ass-,pclon
that t!!e diifract~on patzern LS radially sy?,-
metxic. Th~s 3Lii De true Lf the chest ra-
dicgrdph >s free of any “Jar:atlcns“~hich
wouid affect the phase of tk,e ccneren: LLL,J-
min~tion in ~he cptlcal ?ourier transiozm
system. T!Iis Condl::on :s not gc:ict:~ gat-
iafied. In par:~cular such things as iiriger-
prints and scratches :n ‘thefiin gL-Jeto
phaae varlat~cns ‘dnLch ar!d a ce::a:n &?cur.t
of noise to the :.eas’~rerents.The ●xtent anr3
severity of this l;oAse1s Currently under
●tudy.

DATA MJALYSIS

The measureme~z system produces 64 mea-
eured values or f~a~.~regfor each ~< ~~e Y4C
lung zones. These .?tasuzementsare sollec:ed
for a series cJf chest zaiiographs for which
fata is also a’vallableon Ghe patlenc’9 pcl-
mcna~ vencus ?ressur?. The .=asurements
are then used to ‘tra&n” a cm!puter ciassi-
●.raticn pzz7ram... :hat :s, the ccr.ptite: is
gl-lenthe r.eas~irer.en:sf~r ●ach ::.estzad:o-
graph alonq “4A:.h:he kncwn guL-anar~ edena
clsesificatior.. The ccr.puteralgoz:t!-.n:i<es
this data and tees v-c chi?gs. First LS a
feats;reextract~on : tzc,mall the measurements
on a glL’enlJnq zone [e.~. 64) ahe algor:t~.n
cnocses a set number of fe&:sres wr.Lc51 snow
the best differenti~tion aetwcen nonal an?
anomal cases. Secencly , C?mealgo:lzh.~h~acks
for a set of coefficients for che chosen fea-
tures which prcvito cDtLnum separat:an bf c.h.e
normals from Me abnomals.

Two different :imssification aiqori:hns
were usc12. The firs: proqra.mwas BME07M
which was develcped at UCLA at The Healzh
Sciences Ccr.putL3q,FacLILty. This prcqrun
classifies the data usanq a :inear combl3a-
tion of the ‘easure-.en:s. A quac!ra’:lcclas-
sifier has alsc been ty:ed. T5is sec~nd
classification a~$or::hm was written by 3r.
W. B. Thompson of the University of X~nnenoca.

A more complato tiescriptionof the mea-
surement systen a~d the classif:catlcn ap-
proach can be found in a paper by Kruger,
et.al./5/.

RESULTS

Initial work has concentrated on sepa-
rating two clanses: nom,als and those class~-
fied as 2+ according to thb Turner classifi-
cation scheme. Detcctlon of pulmonz~ edema
●t the 2+ staqe h~’.:ld311w treatment wh~ch
should signif~cantly reduc- morbidity and
mortality.
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?iguro 4 ~hws ●xamples of the routine c!aemt
radiographs fo! a nomal (4A) caso and a 2+

rmdiatributicm :40;.
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?iqure S. (Al Pulmonary angioqram (arterial
phase) nomal vascular~ty.
(B) Pulmmaq anqioqram (artariai
phasa) 2+ redlstr~bution of vaccu-
.arity.

riqura 4. (A) Chaat radiograph - nomal
Vaacularity. (Bj chest radio-
graph 2+ vascuhr radistrlbut&on.

Although it ia not readily apparoat to thm
untrainad ●ye, tho 2+ case shwa ● rmlativoly
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Tlquro 5. (Cl Pulmonan anaiof3:sm (venous
phame) 30mai vai~ui.l:kty.

(D) Pulnonaw a.nqicqrac (vanoum
phase) 2+ redistribution.

A ●ot of chest radicqraphs were select~d
from the :ilce of the Los Ar.qelcs Caunty-
UnivcrsLty of Sou:hc:n Califo:r.xa !ledieal
Center. Cardiac cathotorizaticn results
wore available on all selected csses.

The data ba9e of solacted tames wae com-
posed as SO11OWS

Nomals 59

1+ 2

2+ 75

3+ 87

4+ 2-

For the prelir.inary work only ~he nor-
mals and 2+ casee were usec!. These were
further scree~ed to elininate ~arkedly spe-
cial caecs. Trainifiqwas :hus tioneua~nq 59
normals and 52 2+ re?:str:butions. The 9!!?
program was used to train m this &a:a base
in thrc? different .WWS: 1) by compar:ag :p-
per zones of nomais :9 3Fper 2+ zones;
2) by comparing nc.~al lcwer zones to 2+ Lcwer
zonesi 3! by ta.ki?g che ratios of +per zz:e
measurements to iower zone Measurements ar.ti
comparing t!~ese fcr mnai and 2+ reClst:i-
bution. In aach case, 10 o? the 64 measure-
❑ents were selected for use in classificat;sn.
After the traini:g ?:ocedare each of the
three comparisons :enerated a set of a pos-
terior probabilities for eaca patient. These
indicace the probabl:ity of a ~lven ?atient
being either no.=.aior 2~ :etiistzib~tion.
By averaging :he a posterlori g:zbehl~:t:es
from each of the t!!ree
Sification ac=urbey 3!
the trainiag tiataset.
matrix was as :OILOWS;

:om?ariscns, a eLae-
908 wae obtained far

The classification

True Class

Assigned

ClaB8 EEEE

No attempt at this tine has been inadeto
minimize the nw=ber a: faise negati~.es,i.e.
eaeee which were actually 2+ buz slassxfied
●s normal. Sofr* tea:s were zade wit!!the
quadratic classifier whi:h ~ene:sily ga”te
one to two percent ir.p:ove~a~tin classifi-
cation over the MID :cutine.

It should be reiterated that these are
traiaing reeults and chat ]ackni:o testiag
procedures are being develo~ed nw to vali-
date tite results.

CONCLUSIONS

M attempt has been nade to detect pre-
pulmonaty ●dema by dolag claesxficaticn on
the Opatial frequency distribution of chest
radiograph. Inktlal traininq results snowed

Timothy C. Strand, P9.D,
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a 90t clfisaificationaccuracy which indicates
the viability of this approach to doing au-
tomatic detection of pre-pulmona~ edema
(elevation of pulnon--f venous pree3ure).
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